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(54) HEAT EXCHANGER AND METHOD OF MANUFACTURING THE HEAT EXCHANGER

(57) Welds (111a) are provided in areas that are off-
set from curved portions (111b) where stress concentra-
tion is likely to occur. This allows excess stress to be
inhibited to occur at the welds at the time of tube en-
largement. Therefore, even if the welds are softened
and proof stress (mechanical strength) is reduced at the
time of welding, as the stress occurring at the welds at
the time of the tube enlargement can be prevented from
exceeding the proof stress (allowable stress) of the
welds, the welded tubes can be adopted in a radiator in
which the tubes (111) and the fins (112) are joined to-
gether mechanically by tube enlargement. As a result,
the manufacturing cost of the tubes can be reduced in
comparison with the case when seamless tubes are
adopted as the tubes.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a heat ex-
changer and a method for manufacturing the same,
wherein tubes and fins are joined together mechanically
by deforming the tubes plastically so as to increase
cross-sectional areas of the tubes (hereinafter, this op-
eration is referred to as "tube enlargement").

2. Description of the Related Art

[0002] In a heat exchanger in which tubes and fins are
joined together mechanically, as the tubes are deformed
plastically so as to increase the cross-sectional areas of
the tubes by tube enlargement, tube material must have
a relatively large elongation rate and, at the same time,
it must be resistant to elongation. Therefore, conven-
tionally (for example, in Japanese Unexamined Patent
Publication No. 2000-74589), seamless tubes that are
seamless and manufactured by drawing or extrusion
processes are adopted as the tubes for the tube en-
largement.
[0003] Here, it should be noted that the seamless
tubes have a higher production cost than welded tubes
(tubes manufactured by bending plate material in a tu-
bular manner and then joining seams by welding) as the
seamless tubes take more man-hours (thus have a high-
er production cost) than the welded tubes.
[0004] Therefore, the inventors of the present inven-
tion have studied to adopt the welded tubes in place of
the seamless tubes in the heat exchanger in which the
tubes and the plate fins are joined together mechanical-
ly, but, as welds in the welded tubes are softened due
to heat at the time of welding in comparison with tube
material (regions other than the welds) and have lower
proof stress (mechanical strength), it is difficult to simply
replace the seamless tubes with the welded tubes.

SUMMARY OF THE INVENTION

[0005] In view of the above problem, it is an object of
the present invention to join tubes and fins together me-
chanically by tube enlargement in the case of using
welded tubes.
[0006] In order to achieve the above object, according
to an aspect of the present invention, there is provided
a heat exchanger having tubes (111) through which fluid
flows, and fins (112) for promoting heat exchange be-
tween one fluid flowing through the tubes (111) and air
passing between the tubes (111), in which the tubes
(111) and the fins (112) are joined together mechanically
by deforming the tubes (111) plastically so as to increase
cross-sectional areas of the tubes (111) in a state in
which the tubes (111) are inserted through insertion

holes (112a) provided in the fins (112), wherein the
tubes (111) are welded tubes manufactured by bending
plate material to form flat tubes and then joining seams
by welding, and welds (111a) of the tubes (111) are pro-
vided in areas that are offset from curved portions (111b)
formed at the ends in the length direction.
[0007] According to this aspect, as the welds (111a)
are provided in the areas that are offset from the curved
portions (111b) where stress concentration is likely to
occur, excess stress occurring at the welds (111a) at the
time of tube enlargement can be inhibited.
[0008] Therefore, even if the welds (111a) are sof-
tened and proof stress (mechanical strength) is reduced
at the time of welding, as the stress occurring at the
welds (111a) at the time of the tube enlargement can be
prevented from exceeding the proof stress (allowable
stress) of the welds (111a), the welded tubes can be
adopted in the heat exchanger in which the tubes (111)
and the fins (112) are joined together mechanically. As
a result, the manufacturing cost of the tubes 111 can be
reduced in comparison with the case when the seam-
less tubes are adopted as the tubes (111).
[0009] According to another aspect of the present in-
vention, the welds (111a) are provided in areas that sub-
stantially correspond to a center position in the length
direction.
[0010] Therefore, as the stress occurring at the welds
(111a) can be reduced reliably, the reliability of the tubes
(111) can be improved further.
[0011] According to still another aspect of the present
invention, depressions (112d) that are depressed in the
direction of padding of the welds (111a) are provided in
areas of edges of the insertion holes (112a) that corre-
spond to the welds (111a).
[0012] In this aspect, as the depressions (112d) act
as relief means for mitigating interference between the
padding and the insertion holes (112a), clearances cre-
ated between the tubes (111) and the fins (112) in the
vicinity of the padding are reduced in comparison with
the case in which the depressions (112d) are not pro-
vided.
[0013] Therefore, as contact areas (thus heat conduc-
tion) between the tubes (111) and the fins (112) can be
prevented from being reduced, heat exchange capacity
can also be prevented from being reduced.
[0014] According to yet another aspect of the present
invention, there is provided a heat exchanger having
tubes (111) through which fluid flows, and fins (112) for
promoting heat exchange between one fluid flowing
through the tubes (111) and air passing between the
tubes (111), in which the tubes (111) and the fins (112)
are joined together mechanically by deforming the tubes
(111) plastically so as to increase cross-sectional areas
of the tubes (111) in a state in which the tubes (111) are
inserted through insertion holes (112a) provided in the
fins (112), wherein the tubes (111) are welded tubes
manufactured by bending plate material in a tubular
manner and then joining seams by welding, and depres-
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sions (112d) that are depressed in the direction of pad-
ding of the welds (111a) are provided in areas of edges
of the insertion holes (112a) that correspond to the
welds (111a).
[0015] In this aspect, as the depressions (112d) act
as relief means for mitigating interference between the
padding and the insertion holes (112a), clearances cre-
ated between the tubes (111) and the fins (112) in the
vicinity of the padding are reduced in comparison with
the case in which the depressions (112d) are not pro-
vided.
[0016] Therefore, as contact areas (thus heat conduc-
tion) between the tubes (111) and the fins (112) can be
prevented from being reduced, the heat exchange ca-
pacity can also be prevented from being reduced.
[0017] Here, it is to be noted that the application of
the present invention is not limited to the flat tubes, but
it can also be applied to tubes of other shapes such as
circular tubes and so on.
[0018] Further, according to the present invention,
there is provided a method for manufacturing a heat ex-
changer, comprising the steps of: providing slits (210)
for avoiding interference with padding in areas of tube
enlargement jigs (200) for enlarging tubes (111) that cor-
respond to the padding of the welds (111a), wherein a
slit width (D) of the slits (210) is larger than a padding
width (d) of the welds (111a) and a ratio (D/A) of the slit
width (D) to a dimension (A) of areas that are parallel to
the slit width (D) among outside dimensions of the tube
enlargement jigs (200) is 0.32 or less; and joining the
tubes (111) and the fins (112) mechanically by deforming
the tubes (111) plastically by using the tube enlargement
jigs (200).
[0019] Therefore, as shown in Fig. 17 described be-
low, the tubes (111) and the fins (112) can be joined me-
chanically without reducing the heat dissipation capacity
significantly.
[0020] Here, it is to be noted that reference numerals
within parentheses attached to each means described
above are shown exemplarily for indicating a relation-
ship with specific means in the embodiments described
below.
[0021] Hereinafter, the present invention will be more
fully understood from the following description of the
preferred embodiment thereof taken together with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

Fig. 1 is a front view of a heat exchanger according
to an embodiment of the present invention;
Fig. 2 is a cross-sectional view of a tube according
to a first embodiment of the present invention;
Fig. 3 is a front view showing joining relationship
between the tubes and a fin according to the first
embodiment of the present invention;

Fig. 4 is a cross-sectional view taken on line IV-IV
of Fig. 1;
Fig. 5 is a cross-sectional view taken on line V-V of
Fig. 4;
Fig. 6A is a front view of a tube enlargement jig ac-
cording to the first embodiment of the present in-
vention, and Fig. 6B is a view from arrow A of Fig.
6A;
Fig. 7A is a cross-sectional view showing a state in
which the tube enlargement jig is inserted into the
tube according to the first embodiment of the
present invention, and Fig. 7B is an enlarged view
of a slit;
Fig. 8A is a plot showing stress generated at the
time of tube enlargement, and Fig. 8B is an explan-
atory drawing showing positions where the stress
is generated;
Fig. 9A is a cross-sectional view of a tube according
to a second embodiment of the present invention,
and Fig. 9B is an enlarged view of portion A of Fig.
9A;
Fig. 10A is a view from arrow A of Fig. 9B, and Fig.
10B is a cross-sectional view taken on line X-X of
Fig. 9B;
Fig. 11A is a cross-sectional view of a tube accord-
ing to a comparative example, and Fig. 11B is an
enlarged view of portion A of Fig. 11A;
Fig. 12A is a view from arrow A of Fig. 11B, and Fig.
12B is a cross-sectional view taken on line XII-XII
of Fig. 11B;
Fig. 13A is a front view of a tube enlargement jig
according to a third embodiment of the present in-
vention, and Fig. 13B is a view from arrow A of Fig.
13A;
Fig. 14 is a front view showing joining relationship
between tubes and a fin according to a fourth em-
bodiment of the present invention;
Fig. 15 is a front view showing the joining relation-
ship between the tubes and the fin according to the
fourth embodiment of the present invention;
Fig. 16 is a cross-sectional view of a tube enlarge-
ment jig according to a fifth embodiment of the
present invention; and
Fig. 17 is a plot showing relationship between a ratio
of a slit width D to a length dimension A (= D/A) and
heat exchange capacity Qw of a radiator 100.

BEST MODE FOR CARRYING OUT THE INVENTION

(A first embodiment)

[0023] In this embodiment, a heat exchanger accord-
ing to the present invention is applied to a radiator for
performing heat exchange between cooling water of an
internal-combustion engine (engine) and air, and Fig. 1
is a front view of a radiator 100 according to this embod-
iment.
[0024] In Fig. 1, tubes 111 are tubes made of metal
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(aluminum in this embodiment) through which cooling
water circulates, and more specifically, the tubes 111 are
welded tubes (electric resistance welded tubes) manu-
factured by bending plate material so as to form a flat
(elliptical) cross-section as shown in Fig. 2 and then join-
ing the seams by welding.
[0025] Then, a weld 111a in each of the tubes 111 is
provided at a position that is offset from curved portions
111b that are formed at both ends in length direction W
in the tube cross-section and have the smallest radius
of curvature (in an area between two curved portions
111b) and, on its outer circumferential surface (on the
surface which is in contact with plate fins 112 as de-
scribed later), in turn, padding (welding beads) that is
formed on the outer circumferential surface by welding
is cut away by cutting (grinding) means such as a grinder
to represent a smooth curved surface.
[0026] Further, in Fig. 1, fins 112 are plate fins made
of metal (aluminum in this embodiment) that spread in
the direction orthogonal to the longitudinal direction of
the tubes 111 (vertical direction in Fig. 1) and extend in
breadth direction T of the tubes 111 in a strip-like manner
for facilitating heat exchange with the cooling water, and
on each of the fins 112, as shown in Fig. 3, insertion
holes 112a through each of which the tube 111 is insert-
ed, and louvers 112b that are formed by cutting and rais-
ing portions of the fin 112 like blind windows for turning
direction of the air circulating around the fins 112 so as
to inhibit growth of a thermal boundary layer are provid-
ed by press or roller working.
[0027] Further, in this embodiment, by forming the in-
sertion holes 112a by burring, as shown in Figs. 4 and
5, burring portions 112c each of which has a wall at the
edge of each insertion hole 112a around the outer cir-
cumferential surface of each tube 111 are provided so
as to increase contact areas between the tubes 111 and
the fins 112 when the tubes are enlarged to join the fins
112 and the tubes 111 mechanically.
[0028] Then, a core portion 110 for performing heat
exchange between cooling air and the cooling water is
constituted by the tubes 111 and the fins 112, and a plu-
rality of tubes 111 are arranged in line in the longitudinal
direction of the fins 112 so that the length direction W of
the tubes 111 is substantially parallel to the direction of
the cooling air circulating outside the tubes 111.
[0029] In this connection, as shown in Fig. 1, header
tanks 120 each of which extends in the direction orthog-
onal to the longitudinal direction of the tubes 111 to link
with a plurality of tubes are joined to both ends in the
longitudinal direction of the tubes 111, wherein, as
shown in Figs. 4 and 5, each of the header tanks 120 is
comprised of a core plate 121 made of metal (aluminum
in this embodiment) to which a plurality of tubes 111 are
joined by tube enlargement, and a tank main body 122
made of resin (nylon in this embodiment) constituting
intra-tank space along with the core plate 121.
[0030] It is to be noted here that one header tank 120
at the top side in Fig. 1 distributes the cooling water to

each tube 111, while the other header tank 120 at the
bottom side collects the cooling water flowing out from
each tube 111.
[0031] Here, the core plate 121 and the tank main
body 122 are joined by caulking as a result of plastic
deformation so that a tip of a protrusion (a lug) 121b for
caulking provided on the core plate 121 is bent to the
side of the tank main body 122 when a tip portion 122a
of the tank main body 122 is inserted into a groove 121a
of the core plate 121.
[0032] It is to be noted here that a packing 122b, that
is comprised of an elastic member such as rubber for
making contact with the skirt portion (the tip portion)
122a to seal clearance between the tank main body 122
and the core plate 121, is disposed on the bottom of the
groove 121a.
[0033] Further, in order to prevent leakage of the cool-
ing water through clearances between the tubes 111 and
the core plate 121, in this embodiment, the clearances
are sealed securely by an adhesive consisting of ther-
mosetting resin or by soldering. Here, though the clear-
ances are sealed by the adhesive or by soldering in this
embodiment, the clearances may alternatively be weld-
ed by laser welding and the like.
[0034] Next, a method for enlarging the tube 111 (for
connecting the tube 111 with the fin 112) will be de-
scribed.
[0035] Fig. 6A is a front view of a tube enlargement
jig 200, Fig. 6B is a view from arrow A of Fig. 6A, and
Fig. 7A is a cross-sectional view showing a state in
which the tube enlargement jig 200 (the diagonally
shaded area) is inserted into the tube 111.
[0036] Then, the tube 111 is enlarged to join the fin
112 and the tube 111 mechanically by penetrating the
tube enlargement jig 200 through the tube 111.
[0037] Here, in an area of the tube enlargement jig
200 corresponding to the padding (the welding beads)
of the weld 111a, a groove-like slit 210 is provided for
avoiding interference with the padding (the welding
beads), wherein the slit width D of the slit 210 (see Fig.
7A) is defined so that a ratio (D/L) of the slit width D (the
chord length) to the arc length corresponding to the slit
210 is substantially 1 (0.9 % D/L) and thus the slit width
D of the slit 210 is equal to the padding (welding beads)
width d as much as possible.
[0038] Next, the effects of this embodiment will be de-
scribed.
[0039] In this embodiment, as the welds 111a are pro-
vided in the areas that are offset from the curved por-
tions 111b where stress concentration is likely to occur,
excess stress occurring at the welds 111a at the time of
tube enlargement can be inhibited. Therefore, even if
the welds 111a are softened and proof stress (mechan-
ical strength) is reduced at the time of welding, as the
stress occurring at the welds 111a at the time of the tube
enlargement can be prevented from exceeding the proof
stress (allowable stress) of the welds 111a, the welded
tubes can be adopted in the heat exchanger in which
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the tubes 111 and the fins 112 are joined together me-
chanically by tube enlargement (the radiator 100 in this
embodiment). As a result, the manufacturing cost of the
tubes 111 can be reduced in comparison with the case
when the seamless tubes are adopted as the tubes 111.
[0040] Here, it is to be noted that Fig. 8A shows a nu-
merical simulation of the stress occurring at the time of
the tube enlargement, and Fig. 8B is an explanatory
drawing showing positions where the stress is generat-
ed. Thus, as apparent from Fig. 8A, larger stress occurs
at the curved portions 111b, and the stress occurring in
areas that are offset from the curved portions 111b is
smaller than at the curved portions 111b.

(A second embodiment)

[0041] Though the padding (the welding beads)
formed on the outer circumferential surface of the tubes
111 is cut away in the preceding embodiment, the cutting
process for cutting away the padding (the welding
beads) formed on the outer circumferential surface of
the tubes 111 is abolished in this embodiment, and, as
shown in Fig. 9A, depressions 112d that are depressed
in the direction of the padding of the welds 111a are pro-
vided in areas of edges of the insertion holes 112a that
correspond to the welds 111a.
[0042] Next, the effects of this embodiment will be de-
scribed.
[0043] Fig. 10A is a view from arrow A of Fig. 9B, Fig.
10B is a cross-sectional view taken on line X-X of Fig.
9B, Fig. 11A is a view showing a case in which the tubes
111 are enlarged when the padding (the welding beads)
formed on the outer circumferential surface of the tubes
111 remains and the depressions 112d are not provided,
Fig. 12A is a view from arrow A of Fig. 11B, and Fig. 12B
is a cross-sectional view taken on line XII-XII of Fig. 11B.
[0044] As shown in Figs. 11A, 11B, 12A and 12B, if
the tubes 111 are enlarged without providing the depres-
sions 112d, as the tubes 111 are deformed plastically so
that areas of the insertion holes 112a (the burring por-
tions 112c) that correspond to the padding (the welding
beads) are expanded, relatively large clearances are
created between the tubes 111 and the fins 112 in the
vicinity of the padding (the welding beads).
[0045] In contrast, in this embodiment, as the depres-
sions 112a that are depressed in the direction of the pad-
ding of the welds 111a are provided in the areas of the
edges of the insertion holes 112a that correspond to the
welds 111a, the depressions 112d act as relief means
for mitigating interference between the welding beads
and the insertion holes 112a (the burring portions 112c).
Therefore, the clearances created between the tubes
111 and the fins 112 in the vicinity of the padding (the
welding beads) are reduced in comparison with the case
in which the depressions 112d are not provided.
[0046] As a result, as contact areas (thus heat con-
duction) between the tubes 111 and the fins 112 can be
prevented from being reduced, heat exchange capacity

can also be prevented from being reduced.
[0047] In this connection, though the depressions
112d are rhombic (in the form of a triangular pyramid) in
this embodiment, this embodiment is not limited to such
configuration, and the depressions 112d may alterna-
tively be a dome-like shape (spherical), for example.

(A third embodiment)

[0048] Though the tubes 111 are enlarged by pushing
the tube enlargement jigs 200 into the tubes 111 in the
embodiment described above, the tube enlargement
jigs 200 are penetrated through the tubes 111 by pulled
out the tube enlargement jigs 200 in this embodiment.
Here, Figs. 13A and 13B are views showing the tube
enlargement jig 200 for pullout.

(A fourth embodiment)

[0049] Though the welds 111a are provided in the ar-
eas that are offset from the areas substantially corre-
sponding to the center position in the length direction W
of the tube cross-section in the embodiment described
above, the welds 111a are provided in the areas sub-
stantially corresponding to the center position in the
length direction W of the tube cross-section in this em-
bodiment, as shown in Figs. 14 and 15.
[0050] In this connection, Fig. 14 shows an example
in which this embodiment is applied to the first embod-
iment, while Fig. 15 shows another example in which
this embodiment is applied to the second embodiment.
[0051] Thus, as apparent from Fig. 8A, as the stress
occurring at the welds 111a can be minimized by pro-
viding the welds 111a in the areas substantially corre-
sponding to the center position in the length direction W
of the tube cross-section, the reliability of the tubes 111
(the welded tubes) can be improved further.

(A fifth embodiment)

[0052] This embodiment discloses a variation of the
tube enlargement jig 200 wherein, more specifically, as
shown in Fig. 16, the tube enlargement jig 200 is con-
figured so that the slit width D of the slit 210 provided in
an area corresponding to the padding of the welds 111a
is larger than the padding width d of the welds 111a (see
Fig. 7A) (D>d), and so that a ratio (= D/A) of the slit width
D to the dimension A of the area that is parallel to the
slit width D among the outside dimensions of the tube
enlargement jig 200, that is, the length dimension A
among the cross-sectional dimensions of the tube en-
largement jig 200, is 0.32 or less.
[0053] Here, when the tube 111 is enlarged by using
the tube enlargement jig 200 having the slit 210, the area
of the tube 111 corresponding to the slit 210 is not en-
larged. In this case, as the ratio (= D/A) of the slit width
D to the length dimension A is increased, the clearance
between the unenlarged area of the tube 111 and the
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opening edge of the insertion hole 112a is also in-
creased, and therefore, the contact area between the
tube 111 and the fin 112 is, in turn, decreased.
[0054] Fig. 17 is a test result showing relationship be-
tween the ratio (= D/A) of the slit width D to the length
dimension A and heat exchange capacity (heat dissipa-
tion capacity) Qw of the radiator 100, where the heat
dissipation capacity Qw is defined so that it is equal to
100 when the fin 112 is joined to the seamless tube with-
out the weld 111a by tube enlargement.
[0055] As apparent from Fig. 17, as the contact area
between the tube 111 and the fin 112 can be prevented
from reduced significantly when the ratio of the slit width
D to the length dimension A is 0.32 or less, the heat
dissipation capacity may be substantially comparable to
the one of the seamless tube.
[0056] Though the present invention is applied to the
radiator in the embodiments described above, the
present invention is not limited to such application, and
it can be applied to other heat exchangers.
[0057] While the present invention has been de-
scribed in detail with reference to particular embodi-
ments, it will be understood by those skilled in the art
that various changes and modifications may be made
without departing from the scope and sprit of the present
invention.

Claims

1. A heat exchanger having tubes through which fluid
flows, and fins for promoting heat exchange be-
tween one fluid flowing through said tubes and air
passing between said tubes, in which said tubes
and said fins are joined together mechanically by
deforming said tubes plastically so as to increase
the cross-sectional areas of said tubes in a state in
which said tubes are inserted through insertion
holes provided in said fins,

wherein said tubes are welded tubes manu-
factured by bending plate material to form flat tubes
and then joining seams by welding, and

welds of said tubes are provided in areas that
are offset from curved portions formed at the ends
in the lengthwise direction in the tube cross-section
of said flat tube.

2. A heat exchanger according to claim 1, wherein
said welds are provided in areas that substantially
correspond to a center position in the lengthwise di-
rection in the tube cross-section of said flat tube.

3. A heat exchanger according to claim 1, wherein de-
pressions that are depressed in the direction of pad-
ding of said welds are provided in areas of edges
of said insertion holes that correspond to said
welds.

4. A heat exchanger according to claim 2, wherein de-
pressions that are depressed in the direction of pad-
ding of said welds are provided in areas of edges
of said insertion holes that correspond to said
welds.

5. A heat exchanger having tubes through which fluid
flows, and fins for promoting heat exchange be-
tween one fluid flowing through said tubes and air
passing between said tubes,

in which said tubes and said fins are joined
together mechanically by deforming said tubes
plastically so as to increase cross-sectional areas
of said tubes in a state in which said tubes are in-
serted through insertion holes provided in said fins,

wherein said tubes are welded tubes manu-
factured by bending plate material in a tubular man-
ner and then joining seams by welding, and

depressions that are depressed in the direc-
tion of padding of said welds are provided in areas
of edges of said insertion holes that correspond to
said welds.

6. A method for manufacturing a heat exchanger ac-
cording to any one of claims 1 - 5, the method com-
prising the steps of:

inserting tube enlargement jigs for enlarging
said tubes into said tubes so that slits are posi-
tioned in areas that correspond to padding of
said welds, wherein said slits are provided for
avoiding interference with the padding of said
welds, and wherein a slit width (D) of said slits
is larger than a padding width (d) of said welds,
and a ratio (D/A) of said slit width (D) to a di-
mension (A) of areas that are parallel to said
slit width (D) among outside dimensions, is 0.32
or less; and
joining said tubes and said fins together me-
chanically by deforming said tubes plastically
by using said tube enlargement jigs.
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